1. Root-feeding insect herbivores are of substantial evolutionary, ecological and economical 22 importance. Plants can resist insect herbivores through a variety of tolerance and resistance 23 strategies. To date, few studies have systematically assessed the prevalence and importance 24 of these strategies for root-herbivore interactions across different plant species. 25 2. Here, we characterize the defense strategies used by three different grassland species to 26 cope with a generalist root herbivore, the larvae of the European cockchafer Melolontha 27 melolontha. 28 3. Our results reveal that the different plant species rely on distinct sets of defense strategies.
Introduction
Belowground, root-feeding herbivore insects have long been known for their importance in 42 structuring agroecosystems (Hunter, 2001) . More recently, their effects on host plant Host suitability and estimation of root consumption 122 To establish the pattern of host suitability, pre-weighed M. melolontha larvae were individually to remove most of the surrounding soil) into 50 ml of deionized water for 3 h. The water was 189 then centrifuged for 10 min at 3500 rpm at room temperature and the supernatant collected and Valzeina performed systematically better than the L3 population Urmein (F1,66 = 10.563, p = 297 0.002). No differences between the two L2 populations were observed (F1,46 = 0.002, p = 0.969).
298
The population origin had no effect on performance patterns (L2: F2,46 = 0.889, p = 0.418, L3: 299 F2,66 = 2.409, p = 0.098). In all cases, larval performance was better on T. officinale than on the 300 two other plant species (Figure 1) . Strikingly, L3 larvae did not gain any weight when feeding 301 on T. repens or C. stoebe, suggesting the presence of strong resistance traits in these species. The same pattern was observed when larvae were restricted to the lower parts of the root 325 systems of the different species. Root biomass of the attacked compartment was not different 326 15 between control and infested plants for T. officinale (F1,12 = 0.887, p = 0.365) and C. stoebe 327 (F1,11 = 0.000, p = 1.000), whereas root biomass of T. repens plants was significantly reduced 328 by M. melolontha attack (F1,12 = 8.072, p = 0.015) (Figure 3a ). Root damage scores differed 329 between species (χ² = 13.475, df = 2, p = 0.001), with T. officinale roots showing significantly 330 more damage than the other two species (Figure 3b ). Thus, root herbivore performance on the 331 different species can be explained by the extent of root damage, and hence herbivore feeding, Compared to T. officinale, exposure to C. stoebe at a distance reduced M. melolontha feeding 361 on artificial diet (Figure 4a ) and prompted the majority of the larvae to move away from the 362 plant into a pot containing soil only (Figure 4b) . No difference was shown between T. officinale 363 and T. repens, either for damage ( Figure 4a ) or for the proportion of larvae moving away from 364 the plant (Figure 4b) . Therefore, C. stoebe has the capacity to repel M. melolontha without 365 direct physical contact, which may contribute to its strong resistance phenotype. 
376
The negative effect of C. stoebe is most likely not due to soluble root exudates 377 No difference was observed in damage scoring of feeding pieces containing root exudates of C. T. repens roots are less nutritious than T. officinale roots 400 The RDA showed that root nutrient contents differed between T. officinale and T. repens 401 (34.2% of constrained variance, F = 5.201, p = 0.006). Both multivariate and univariate 402 approaches revealed that T. officinale roots contained more nutrients than T. repens roots 403 ( Figure 6 , Table S1 ). The strongest differences were found for glucose (x10.9 in Taraxacum), 404 fructose (x4.4), stigmatersol (x3.4) and campesterol (x2.1). There was no difference in nutrients 405 between T. officinale roots and C. stoebe roots, both multivariately (14.4% of constrained 406 variance, F = 1.678, p = 0.156) and univariately (all p ≥ 0.450, Table S2 ). Thus, the three species The RDA showed that herbivory by M. melolontha larvae induces significant changes in the 421 roots' primary metabolism of T. officinale (24.9% of constrained variance, F = 5.307, p = 422 0.011). The concentration of the vast majority of nutrients was lower in roots of infested plants 423 compared to control plants (Figure 7 , Table S3 ). The most important decrease was for simple 424 sugars (-55.3 to -68.9%) and phytosterols (-33.4 to -46.3%). On the other hand, both 425 multivariate and univariate approaches showed no significant change with infestation in roots 426 of C. stoebe (RDA: 9.2% of constrained variance, F = 1.611, p = 0.142; t-tests: all p ≥ 0.165, 427 Table S4 ) and T. repens (RDA: 1.5% of constrained variance, F = 0.241, p = 0.952; t-tests: all 428 p = 0.989, Table S5 ). we discuss these strategies from mechanistic and ecological points of view.
447
The release of repellent chemicals can be an effective strategy to avoid herbivore attack 448 (Unsicker, Kunert, & Gershenzon, 2009 undamaged parts of the root system as well as shoot growth. This response is associated with a 492 substantial reduction of primary metabolites in the attacked roots, which could have been 493 selected as a reallocation to aboveground organs favoring tolerance, a sequestration strategy to 494 protect nutrients away from the tissues under attack and/or a direct defense strategy decreasing 495 nutritional quality for the herbivore, as hypothesized in cases of generalist herbivores with low 496 mobility (Berenbaum, 1995; Johnson, Erb, et al., 2016) . Taken together, T. officinale seems to 497 be highly nutritious and little defended towards M. melolontha, but seems to be able to tolerate 498 attack through compensatory growth.
499
Of note, the defense strategies of the plant species tested in this study closely match the defense 500 syndromes described for aboveground traits of milkweeds by Agrawal & Fishbein (2006) .
501
Centaurea stoebe seems to follow 'Nutrition and defense', with good nutritional quality but 
